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http://dxObjective: Bilateral transverse thoracosternotomy (clamshell incision) is a widely used approach in bilateral
sequential lung transplantation, but the closure technique is associated with sternal dehiscence. This study com-
pares the incidence of sternal dehiscence between the crossed and uncrossed closure techniques.
Methods: In 129 patients who underwent transplantation through a clamshell incision, the sternum was closed
using either the crossed or the uncrossed method based on the surgeon’s preference. The position of the sternal
parts was evaluated on lateral chest radiographs and scored as normal, override, or separation.
Results:We observed sternal override in 38 patients and separations in 18 patients. The sternum was closed us-
ing the uncrossed method in 79 patients and the crossed method in 50 patients. There were significantly fewer
overrides (n¼ 6, 12.0%) and separations (n¼ 6, 12.0%) of the sternal parts using the crossed closure technique
compared with the uncrossed technique (32 overrides, 41.0%; and 12 separations, 15.1%; P<.001). Recon-
structive surgery was only performed in patients with separation of the sternal parts (n ¼ 10).
Conclusions: Using the crossed closure technique for the sternum after bilateral sequential lung transplantation
reduces the incidence of sternal dehiscence compared with the uncrossed closure technique and, therefore,
reduces the necessity of reconstructive surgery. (J Thorac Cardiovasc Surg 2013;146:901-5)T
XBilateral sequential lung transplantation performed through
a bilateral transverse thoracosternotomy (the clamshell inci-
sion) is a widely used technique that was initially described
byBisson andBonnette in 1990 and published in this journal
in 1992.1,2 This clamshell incision includes a transverse
division of the sternum at the third or fourth intercostal
space and provides excellent exposure of the hilar
structures, the mediastinum, and the pleural spaces.3-7
Bilateral lung transplantation is performed sequentially.
This procedure offers the opportunity for single-lung venti-
lation during the procedure, eliminating the need for cardio-
pulmonary bypass in some cases. However, the use of
cardiopulmonary bypass is frequently required, and the
clamshell incision provides good access for cannulation of
the ascending aorta and the right atrium.4,6
After transplantation, the sternum is usually closed with 2
or 3 uncrossed loops of stainless steel wire.3-5,8-10 Although
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The Journal of Thoracic and Cathe sternal parts, it does not prevent anteroposterior
displacement of these parts, which can result in sternal
dehiscence. The incidence of sternal dehiscence after
bilateral sequential lung transplantation ranges from 8%
to 36%.3-5,8,9 This wide range is probably the result of
different definitions of sternal dehiscence and closure
techniques.
Reconstructive surgery is necessary in some patients with
symptoms due to sternal dehiscence, mostly complaints of
pain or a clicking sensation. Several wiring techniques
with different materials have been used to prevent sternal
dehiscence (a sternal fixation device,3 reinforced wiring,4
Kirschner wires or Steinmann pins,5,9 and a peristernal
cable system10). However, these new materials are expen-
sive, and the removal of these osteosynthetic materials
may be necessary.4
Numerous wiring techniques have been evaluated for me-
dian sternotomies, including several parasternal and trans-
sternal closure techniques.11 More stable closure is
reported with oblique tension on the sutures and some
form of lateral support.11 However, only few studies regard-
ing the closure technique of the bilateral transverse thora-
costernotomy have been performed.3-5,10,12,13 In our
clinic, several methods are used to close the sternum. In
addition to the conventional uncrossed method, we
predominantly used the crossed closure methods (the
sternally crossed closure) and made a modification of this
technique by closing it parasternally (the parasternally
crossed method).rdiovascular Surgery c Volume 146, Number 4 901
FIGURE 1. Different wiring techniques. Schematic showing different sternal closure wiring techniques for transverse sternotomy at the fourth intercostal
space: uncrossed closure technique (A), sternally crossed closure technique (B), and parasternally crossed closure technique (C).
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XThe purpose of this study was to compare the conven-
tional, uncrossed closure technique with the crossed closure
technique regarding the incidence of sternal dehiscence and
surgical interventions after bilateral lung transplantation.
We hypothesized that the crossed closure method dimin-
ishes the incidence of sternal dehiscence, thereby reducing
the need for corrective surgery.FIGURE 2. Sternum position. The position of the sternum on the lateral
chest radiograph was scored as normal, override, or separation.METHODS
Patients
Patients undergoing lung transplantation via a clamshell approach
from January 2001 to February 2011 at the University Medical Center
Utrecht (Utrecht, The Netherlands) were included in this retrospective co-
hort study. All patients received standard immunosuppressive therapy
consisting of basiliximab, tacrolimus, mycophenolate mofetil, and pred-
nisone. Medical records were checked for demographic information
and preoperative, perioperative, and postoperative data. The study was
approved by the medical ethical committee, and informed consent was
obtained from each patient.
Closure Technique
The closure techniques used for the bilateral transverse thoracosternot-
omy were either the uncrossed wiring technique with 2 or 3 steel wires
(uncrossed group) or the crossed wiring technique (crossed group).
When implementing the crossed closure technique, we used either the para-
sternal or the sternal crossing technique of the steel wires (Figure 1). The
sternally crossed closure technique involves closure with 1 or 2 figure-
of-eight steel wires across the sternum. A parasternally crossed closure
technique is closure with 2 figure-of-eight steel wires across the sternum
and around the nearest ribs cranial and caudal to the sternal cleavage
site. The chosen closure technique was based on the surgeon’s preference.
Imaging
Chest radiographs were obtained and analyzed at 1, 6, and 12 months
after transplantation. The position of the sternum was evaluated using
the lateral chest radiographs, and scored as normal, override, or separation.
Sternal override is a partial displacement but maintained overlap of the 2
sternal parts, whereas sternal separation is the complete disruption of the
2 sternal parts without remaining overlap of the 2 sternal parts. Overrides
or separations of the sternal parts were both defined as sternal dehiscence
(Figure 2). The posterior anterior chest radiograph was used to score the
closure technique as either crossed or uncrossed (Figure 1). Patients who902 The Journal of Thoracic and Cardiovascular Surgdied before a lateral chest radiograph was performed were excluded
from the study.
Statistical Analysis
Data were analyzed using PASW Statistics software version 17.0.2
(SPSS Inc, Chicago, Ill) and GraphPad Prism software version 5.03
(GraphPad Software, San Diego, Calif). Comparisons between categorical
variables were performed using the Pearson c2 or the Fisher exact test,
when appropriate. Continuous data were analyzed with a 1-way analysis
of variance or an unpaired t-test for parametric variables. The Mann-
Whitney or the Kruskal-Wallis test was used for nonparametric variables.
Multivariate analyses were performed by using a stepwise logistic regres-
sion, in which all variables with P<.10 in the univariate analyses were
included. P<.05 was considered significant.
RESULTS
Study Population
From January 2001 to February 2011, we performed 184
lung transplantations. In 35 patients, single-lung transplan-
tation was performed through a posterolateral thoracotomy.
In 149 patients, lung transplantation was performed via
a clamshell incision. Twenty patients died postoperatively
before a lateral chest radiograph was obtained and were ex-
cluded from analysis. The causes of death were as follows:
excessive bleeding and hypovolemic shock (n¼ 10); sepsis,
acute respiratory distress syndrome, or multiorgan failureery c October 2013
TABLE 1. Characteristics of the study group
Characteristics
Uncrossed
(n ¼ 79)
Crossed
(n ¼ 50)
Total
(n ¼ 129) P value
Male sex 37 (47) 29 (58) 66 (51) .219
Age, y 42  13 44  14 43  13 .683
Indications .864
CF 29 (37) 15 (30) 44 (34)
COPD 32 (40) 22 (44) 54 (42)
ILD 18 (23) 13 (26) 31 (24)
Mean surgical procedure
time, min
312  84 332  66 320  77 .671
Mean ICU stay, d 8  8 7  9 7  8 .947
Data are given as number (percentage) or as mean  standard deviation. CF, Cystic
fibrosis;COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease;
ICU, intensive care unit.
FIGURE 3. Flow chart of study group.
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X(n ¼ 5); fatal cerebral damage (n ¼ 3); or massive lung
bleeding caused by a bronchovascular fistula (n¼ 2). Death
was not related to sternal complications. There were no
documented sternal infections in the study group.
From the 129 patients who underwent a bilateral trans-
verse thoracosternotomy, lung transplantation was per-
formed bilaterally in 126, and in 3 patients, bilateral
transplantation was converted to single-lung transplantation
because of the presence of massive pleural adhesions. The
baseline patient characteristics are shown in Table 1. Car-
diopulmonary bypass or Veno-Arterial Extracorporeal
Life Support was required in 61% of the patients. In 79 pa-
tients, the uncrossed closure techniquewas used to close the
bilateral transverse thoracosternotomy (71 patients received
2 steel wires, and 8 patients received 3 steel wires; Surgical
Steel Ethicon 653B, Ethicon, Inc, Somerville, NJ), whereas
the crossed closure techniquewas used in 50 patients. Reop-
erations for bleeding in the immediate postoperative period
were required in 18 patients, 12 of which were performed by
reopening the clamshell incision.
The 2 study groups were similar with respect to sex, age,
underlying disease, use of cardiopulmonary bypass, surgi-
cal procedure time, need for reoperation for bleeding, and
length of stay in the intensive care unit.Sternal Dehiscence
In 56 (43%) of the 129 patients, sternal dehiscence was
found. An override was diagnosed in 38 patients (30%),
and a separation of the sternumwas diagnosed in 18 patients
(14%). An override was observed in 32 (41%) of the 79 pa-
tients in the uncrossed group, and a separation of the ster-
num was observed in 12 patients (15%). In comparison, 6
(12%) of the 50 patients had an override and 6 (12%)
had a separation of the sternum in the crossed group
(P<.001) (Figure 3). To determine whether parasternally
crossed closures are superior to sternally crossed closures,
the crossed closure group was subdivided into 2 different
groups: sternally crossed (33 patients) and parasternallyThe Journal of Thoracic and Cacrossed (17 patients). There was 1 override and no separa-
tions in the parasternally crossed group, compared with 5
overrides and 6 separations in the sternally crossed group
(P ¼ .08) (Figure 4).
The initial diagnosis, age, sex, use of cardiopulmonary
bypass, surgical procedure time, and requirement for reop-
eration through the clamshell incision (to control postoper-
ative bleeding) did not prove to be significant risk factors for
developing sternal dehiscence.Reconstructive Surgery
Reconstructive surgery was performed in 10 (8%) of the
129 patients. All of the corrections were performed in pa-
tients with sternal separation (10 of 18) accompanied by
pain, and no corrections were performed in patients with
sternal overrides (P<.0001). Patients with sternal override
did not have a clicking sensation. Some patients did experi-
ence pain, but with adequate pain medication, these com-
plaints faded away. Of the 79 patients in the uncrossed
group, 7 (9%), and 3 (6%) of the 50 patients in the crossed
group received surgery. No corrective surgery was required
in the parasternally crossed group, because there were no
separations in this group.
Although sternal separation in 18 patients was visible on
a lateral chest radiograph at 12 to 84 (median, 24) days after
transplantation, the time to corrective surgery ranged from
25 to 1017 (median, 134) days.DISCUSSION
Sternal dehiscence is an important complication after
bilateral transverse thoracosternotomy. Our data indicate
that the crossed closure technique reduces the incidence
of sternal dehiscence after sternotomy. Herein, we describe
a new wiring technique for sternal closure after bilateral
transverse thoracosternotomy (the parasternally crossed
closure technique) that decreases the incidence of sternal
dehiscence and the need for reconstructive surgery.rdiovascular Surgery c Volume 146, Number 4 903
FIGURE 4. A, Uncrossed versus crossed closure technique. In the 2 dif-
ferent closure groups, the numbers of patients with normal position of the
sternum, override, or separation are presented. The crossed closure method
reduces the incidence of override and separation compared with the
uncrossed closure method (P<.001). B, Sternally crossed versus paraster-
nally crossed. The crossed closuremethod is subdivided into a sternally and
parasternally crossed closure technique. The numbers of patients with
override and separation in the 2 groups are presented. A trend toward
less override and separation is observed in the parasternally compared
with the sternally crossed closure technique (P ¼ .08).
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XIn agreement with our results, other authors acknowledge
the problem of sternal dehiscence with the uncrossed
method.3-5,8,9,12 Brown and colleagues3 described a sternal
disruption rate of 36%, and Macchiarini and colleagues8
found sternal override in 32% of cases. These authors did
not, however, describe their definitions and methods of
measurement. Oto,4 Meyers,5 and Venuta9 and colleagues
reported the incidence of patients requiring surgical inter-
vention as 23%, 8%, and 8%, respectively. These studies
emphasize the necessity of using uniform terminology for
sternal dehiscence. We suggest that sternal dehiscence be
defined as the separation of the sternal parts, and the904 The Journal of Thoracic and Cardiovascular Surgdiagnosis can be made on a lateral chest radiograph. In
fact, only sternal separation, and not sternal override, re-
quires surgical correction.
In our study, we demonstrated that the crossed closure
technique significantly reduces sternal dehiscence com-
pared with the uncrossed technique. The success of the
crossed closure technique may be because of the attainment
of a more stable closure, with oblique tension on the sutures
and an equal distribution of traction.12 The parasternally
crossed closure may be superior to the sternally crossed clo-
sure because the former technique applies partial tension to
the thoracic cage rather than to the sternum alone.
Other options to prevent the problem of sternal dehis-
cence, in addition to the different closure techniques of
the bilateral transverse thoracosternotomy, may lay in ap-
proaching the sternum. Lonchyna13 suggested an inverted
V-shape transsection of the sternum to improve stability
and a crossed closure technique with 2 steel wires; unfortu-
nately, he did not describe numbers of overriding or disloca-
tion. Some authors suggest the bilateral anterior
thoracotomy without sternal cleavage as an alternative to
the full clamshell incision.5,8,9 Because this approach does
not require sternal division, there is no risk of sternal
dehiscence. If cardiopulmonary bypass is needed,
cannulation of the aorta can be performed using the
Seldinger technique. Right atrium cannulation is also
possible through a right anterior thoracotomy or even
through cannulation of the femoral vessels.9,14 Avoiding
sternal cleavage also prevents other complications due to
the clamshell incision, such as costochondrial infections
and wound dehiscence. Unfortunately, we did not
investigate these aspects in our study group. Sternal pain
and discomfort and possibly paradoxal breathing are also
associated with a clamshell approach, but in our experience
could be managed adequately with pain medication.
Because our transplantation center is a large referral cen-
ter for patients with a diagnosis of cystic fibrosis, we see
many patients with pleural adhesions due to this underlying
disease or as a consequence of pretransplantation proce-
dures performed for pneumothoraxes. The clamshell inci-
sion is still the most frequently used technique when
a difficult dissection or the need for cardiopulmonary
bypass is anticipated, also in studies using the clamshell-
sparing method.4,5,9,10,13 For these reasons, the clamshell
incision is the surgical preference in our clinic because of
a low threshold for installation of cardiopulmonary bypass
to facilitate transplantation. More recently, we use Veno-
Arterial Extra Corporeal Life Support when cardiopulmo-
nary bypass is needed.15
Because this study was a retrospective cohort study,
there was no randomization of closure methods. Although
the chosen closure technique was based on the surgeon’s
preference and not linked to specific patient characteris-
tics or risk factors, patient selection bias is unlikelyery c October 2013
Koster et al Cardiothoracic Transplantationbecause baseline characteristics were not different be-
tween groups.
Twelve different surgeons performed closure of the ster-
num during this study period; most of them used several clo-
sure techniques. Unfortunately, the data could not be
corrected for possible confounding factors, such as learning
curves or individual skill differences between surgeons.
However, because the incidence of sternal dehiscence could
not be linked to specific surgeons and all surgeons used sev-
eral closure techniques, bias seems unlikely.
In conclusion, closure of the bilateral transverse thora-
costernotomy using the crossed wiring technique, espe-
cially the parasternally crossed method, reduces the
incidence of sternal dehiscence. This method of closure is
adopted in our clinic, and we recommend this closure
method over the uncrossed method to prevent sternal dehis-
cence, which is defined as separation of the sternal parts.
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